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WORKING CHARTS FOR THE STRESS ANALYSIS OF ELLIPTIC RINGS

By Walter ¥, Burke
SUMMARY

This report presents charts which reduce the stress
analysis of circular and elliptic rings of uniform cross
section subjected to balanced systems of concentrated
loads from a statically indeterminate problem to a stati-
cally determinate one, The charts are constructed for two
simple loading conditions into which most of the loading
conditions encountered in the design of the main frames of
a monocoque fuselage may be resolved,

A The theoretical calculations required for the con-
struetion of the charts employed the "minimum enerzy metih-
od" but are omitted in the report,

To demonstrate the use of the charts in the stress
analysis of elliptic rings an illustrative problem is in-
cluded,

INTRODUCTION

The design of main frames for monocoque fuselagesg has
been discussed by Roy A. Miller in reference 1, wiere ae
also developed equations for the sheam, thrust, and moment
in a circular ring of uniform cross section subjeated to
balanced systems of concentrated loads symmetrical with
respect to a diameter. As the monocogque fuselage is per-
haps more often elliptical than oircular in section, the
author has extended the solutions given in raeference 1 to
include the elliptic ring of uniform cross section subject-
ed to balanced systems of concentrated loads . symmetrical
- with respect to the major axis, :

From structural theory and dimensional reasoniag it
developed that for any loading condition the shear, tirust,
and moment at any vpoint in a ring could be reduced to co-
efficient form and presented conveniently in charts, and
that with a series of these charts the stress analysis of
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the ring is reduced from a statically indeterminate prob-
lem to a statically determinate one, The object of this

report is to present a group of these charts for 01rcular
and elliptic rings which will be useful in the stress an

ysis of the main frames in monocoque fuselages.

The calculations required to evaluate the coefficients
plotted in the charts employed the "minimum energy method"
and were made during a study of YElliptic Integrals" under
Mr. D, K, Kagarinoff at the University of Michigan, whose
valuable assistance and suggestions are gratefully acknowl-
edged, DBecause the calculations were long and contained
nothing new in principle, they have been omitted in the
report, However, all the calculations were checked in de-
tail by the National Advisory Committee for Aeronautics,
so that the published charts may be considered accurate
within the limits of the usual assumptions in structural
theory.

To demonstrate the use of the charts in the stress
analysis of elliptic rings subjected to balanced systems
of concentrated loads symmetrical with respect to the ma-
jor axis of the ellipse, an illustrative problem is in-
cluded,

CHARTS

From structural theory and dimensional reasoning, it
follows that the shear, thrust, and moment, respsctively,
at any point in a ring subjected to any system of exter-
nal loads may be glven by the following equations:

¥ = KW (1)
P = K'W (2)
M  = K" a W (3)

where @a 1is a dimension of the ring, K, XK', and X" are
constants depending upon bthe shape of the ring and the
distribution or position of the loads, and W is the load
on the ring. Tor a circular or elliptic ring subjected to
concentrated loads W, Dbalanced. and symmetrical as shown
in Figure 1, X is zero at the ends of the axis of sym-
metry: The values of X' -and EK¥ at one end of the axis
of symmetry are given in Figures 2, 3, 4, and 5 for the
two cases shown in Figure 1, These figures are self-ex-
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planatory and reguire no comment except that in these
charts the position of the loads, W, is given by ¢,
values of which are plotted. agalnst g -for the varlous
a/b ratios in Flgure Be

LIMITATION OF THE CHARTS

.The charts are derived for thin rings, rings in which
the dimensions of the cross section are small as compared
to the dimensions of the ellipse, but not so small that
deformation under load hecomes appreciable and changes in
curvature cannot be closely approximated by the second de-
rivative., Consequently, the charts must be considered as
approximate ouly. For rings of the propertions usually
encountered in the design of main frames for monocoque fu~
selages the apnrox1mat10n should Dbe close.

ILLUSTRATIVE PROBLEM

Given: An elliptic ring
& = 25 inches; b = 14,7
inches; % = 1,70 loaded
as shown,

e

~ T

loads into a series of sgsinm~

zmx>%yf/ o 2000 1b. Required: To find the shear,
C/ o ‘\A_». thrust, and moment (Vg, Pa,
i and M3) at the ends of the
AN A minor axis,
S I,QEO Solution: The procedure re~
- N \ guired is to separate the

SN ge d - p}? cases, A and B, for
‘ N ' which the charts are con-
it / structed, The shear, thrust,
and moment are then calcu-
. lated for each of these sim-
. 2000 1b. ple cases and added algebra-
1 ically. ¥or this problenm
- three simple cases are re-
2000 1b. “"’//;mi>1b. '+ gquired as follows:
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; M iGase 1”
,?7 P

2000 1b. /’ N zomalb ' From'F{gure‘6

1/ T

Prom Figure 2

P,-= 0.0435 X 2,000 =99
nounds :

From Figure 3

M, = 0.002 X 25 X 2,000 = 100
pound-inches

Then:

By inspection

Vg = 99 pounds
Pg = 0 pound
Mg = My, + Poa - 2,000 (b -

b cos ) = 100 + 99 X 25 -
2,000 (14.7 - 14.7 X 0.882)

_ /M;M T j = -1,490 pound-inches
R | »
s | %
! \ Case 2
2000 1@7//'4 ’ 2000 1b.
: : | vy
i A
i f &: : From Figure 6
Vi ' :
' ? b = 45.8°
i JR VR N
a v /) 'f”‘; From Figure 2
! 600 -/ 1 609
LN P, = 0.096 X 2,000 = 192
\ /) "\ N - “pounds '
/ AY ; -
/. - .\\ ! :
R SNy ' From Figure 3
3
" e M, = 0.029 X 25 X 2,000 =
‘\\~»%-$o: 1,450 pound-inches
N o N
2000 1b. g 2000 1b.
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Then:
By -inspection
= ~-192 pounds

= 2,000 pounds

g
o
{

Mg = Mo + P a -~ 2,000 (b ~
b cos & ) = 1,450 + 192 X
25 - 2,000 (14.7 - 14.7 X
0.697) = -2,550 pound~
inches

Case &

&

From Figure 6
® = 45.8°
N From Figure 4

\ P, = -0.92 X 2,000 = =1,840
\ pounds

! Ffrom Figure 5

Mg = 0.188 X 25 X 2,000 =

N 8,400 pound-inches
Then:
\ ! By inspection

N/
«——2000 1b, vy = -(-1,840) - 2,000 =
. . ~160 pounds ‘

Pd = 0 pound

Mg = My + Poa + 2,000 (a sin
d ) = 8,400 -~ 1,840 X 25
+ 2,000 (25 X 0.717) =
-1,750 pouni-inches
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Therefore the sghear, thrust, and moment st the ends of
the minor axis for the assumed problem are:

Case 1. Case 2  Case 3 Total
Ve = (99) + (-192) + (-160) = =253 pounds
Py = (0) + (2,000) + (0) = 2,000 pounds
Mg = (~1,490)+(-2,650) + (-1,760) = -5,900 pound-inches

In a similar manner the shear, thrust, and moment can
be calculated at any point in the ring. By making a series
of such calculations for a number of points, the maximum
stress in the ring may be determined.

University of Michigan, ,

Ann Arbor, lich., December &, 1932.
REFEREYVCE®

1. HMiller, Roy A.: A Solution of the Circular Ring.
Airwvay Age, May, 19231.
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